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Brief outlook

= Laser interferometry is a powerful technique:
« based on phase estimation from successive measurements.

« used:
— at NIF by VISAR (Velocity Interferometer System for Any Reflector).
— inindustry for surface profiling

— for stellar measurements (JPL).

= The accuracy depends on the precise positioning for data collection.

= Many parallel algorithms were developed to compensate for systematic
positioning errors (bias), but no global characterization exists.

= A new quality measure for algorithms with equivalent bias performance
and additional random stepping errors is suggested.
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Optical interferometer — general principle
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= The light from the source is split in two parts and sent on the object
and on the reference mirror.

= The reflected beams are recombined.

= The recorded intensity depends upon the difference of the distances
traveled by each beam -> constructive or destructive interference.
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Phase shifting interferometry (PSI)

I
=

= Short scans, monochromatic light (A).

= Frames are separated by an optical path
difference (OPD) less than A/2.
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Distance measurement

= The recorded intensity by every CCD pixel is the combination of the
reference “r’ and object “0” beams.

2
I =1,+1 + 2\/qur 1M, [Tﬂ-(z'r - zﬂ)]

= The reference (or object) position is varied in equal steps (A).

2 =0 4 pA

= The intensity at every position “n” is given by:

—_— 2 2
Iy =1+ I + 2\/L,I.,~S-i-}*1 Tﬂ(n&] + Tﬂ(zﬁn} — Zo)

= A + Bsin(wyn + ¢)

= Distance measurement is a problem of phase detection.
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Algorithms for phase detection

= Avery large number designed to account for systematic stepping errors .
= Aim to determine a set of {a,,,b,} coefficients such that:

En anln E_n_ an [A + Bsin(won + ¢)]

tan(¢p) = -
an(g) Z-n_ by, Z.n_ bn [A + B sin(won + d)]]

= Necessary conditions:

>, bysin(won + ¢)  cos(¢+ ()

Za..,,_ = Z b, =0 >, ansin(won + ¢)  sin(¢+ ()
n T

= Additional conditions can be imposed to compensate systematic uncertainties in w.
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Effects of stepping errors.

= Variations in steps (w,>w, +0) lead to errors in the measured phase (Bias).

rsin(2¢)

tan(Ag¢) = — 1 4 7 cos(2¢)

i il R, 3=y,
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= One frame from a flat mirror. = Recovered profile of a flat mirror.
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Compensation of step errors — general.

= Specific errors are being addressed by using Fourier approach. Start by
correlating the recorded signal 1(z) with two unknown functions (f,,f,):

I(z) = > 7, Vhcos(nwoz + ¢y)

(
S p(z) =1(2) @ fi(z) = [°2 1(C) filz + ¢)dC
q(z) =1(2) ® fi(z) =f_ I(¢) fo(z + Q)d¢

p(0) > Va [_.?“’F*( o) + E_if-""'”'FF(—'?lwﬁ)]
0) >0, Vi€ Ff(nwy) + e nFy(—nwp)]

= The phase corresponding to the frequency “m” can be retrieved from:

taﬂ(@m) =T

If the following conditions are fulfilled:
F'(nwy) = Fy (nwg) = 0, n#m

F (mwy) = —1Fy5 (muw)
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Compensation of stepping errors — example.

BCHoose fi(z) = Sop_g ard(z — zk) “(nwo) = N ateilnwo)zk
fo(z) = S0y brd(z — 21) (nwp) = SN beilneo)z
- > isgakl(z)
= Then the phase can be recovered from: r = Lk=0 el (2
E;::{'} FJR:I(ER:)
= Alinear error in stepping corresponds to: wo = wo + &

= |n the case when the error is small:
*(nwp) Ek Y ’“’{”“*“} E11 4 (inzg)d]

F (nwg) = z;:ﬂ b ' nwo)2k [1 4 (inzy)d]

= a set of additional equations for {a,,,b,} necessary to cancel (d) can be
derived.
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Algorithm performance characterization.

= Avery large number of algorithms have been derived.

= Their performance is currently estimated by the size of the phase error
(bias) calculated from synthetic data with specific sampling errors.

= As of now, no way of characterizing algorithms with equivalent bias
performance exists.

- - , . 2 -
MSE(¢) = E [( b — {,-?}\,13} = [b’ ias( o, {,-f})} + Var(o)

= We suggest as a measure for the global performance the magnitude of
the phase variance Var[®] in the presence of completely random
stepping errors.

= Critical assumption: Correct steps -> Correct phase determination!
(zero bias)
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astic analysis.

ata point in the signal is given by:
I, = A+ Bsin (kA + ap + ¢) + ¢

Elog] = pa  Ele] =0
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)yosed estimator.

ted phase variance due to random step errors:

B [Vw( ")] _

)
@,

F

(ai + %)
+5in(20) [~ayby cos(2ka) + 5% sin(2kA) |

‘ + cos(2(¢) [a;,;bk sin(2kA) + ﬂcos(%&)]

F.

ure for algorithm performance:

(a + b)

- aZ—b? .
Z + sin(2() [ apby cos(2kA) + Jg—“isw(%&)]
k=1

+cos(2¢) [aibesin(2k4) + 5% cos(2k)]

Se=20 apsin(kA) Sy =N besin (kA)

C, = E,‘?;l ay, cos (kA) Cy = E,f:l by cos (kA)
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hetic data results.

Algorithm coefficients
algorithms Name No. frames a b
compared A 5 {0.-2,0.2, 0} (1,0, 2,0, 1)
B 7 {05,0,-15,0,1.5,0, 0.5} {0,1,0,2,0,1,0}
C 7 {1,0,-7,0,7,0, 1) [0,4,0,8,0,4,0)
D 8 {1,-5,-11,15, 15, -11, 5,1} {1, 5, -11,-15, 15, 11, -5, -1}
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hetic data results.
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hetic data results.

Algorithm (A)

variance

phase (deg)

Algorithm (B)

variance

phase (deg)

Algorithm (C)

variance

phase (deg)

Algorithm (D)

variance

Lawrence Livermore National Laboratory LLNL-PRES 692059



Iithm performance comparison.

ematic error present.

Alg  No. frames (N) T(akabkaﬁ) U(akabkaﬁ) NxT NxU

A 5 0.328 0.437 1.64 2,187

B 7 0.258 0.344 1.80 241
C 7 0.287 0.383 2.01 2.68
D 8 0.272 0.363 2.18 291

n step of 40 deg.

Alg No. frames (N) T'(ag, by, A) Ulag, b, A) N xT NxU

A 5 0.467 0.831 2.33 4.16

B 7 0.879 1.572 6.15 11.00
C 7 0.589 1.045 4.12 7.31
D 8 0.645 1.153 5.16 9.22
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clusion.

tion of phase detection algorithm must be done based on:

sence of known systematic errors.
compensation performance.

tic performance.
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